INTRODUCTION {#sec1-1}
============

Postoperative complications are of major concern in patient with intracranial lesion because it leads to a significant increase in morbidity and mortality.\[[@ref1]\] Although tumors of the pituitary gland represent approximately 10% of diagnosed brain neoplasm, the transsphenoidal resection of pituitary tumors may account for as much as 20% of all intracranial operations performed for primary brain tumors.\[[@ref2]\] Considering the important role of pituitary gland in regulating various endocrine axes and its anatomical location, various postoperative complications can be anticipated resulting from surgery on pituitary tumors. As compared to craniotomy, transsphenoidal surgery offers the advantage of low morbidity and mortality, preservation of normal pituitary function, lower incidence of permanent diabetes insipidus, lesser trauma to the frontal lobes and optic chiasm, less blood loss and no external scar.\[[@ref3]\]

Having in mind all these reason, there exists a distinct possibility that the rate of complications might be influenced by the tumor pathology. No prospective study has been conducted to date to unravel these aspects of pituitary tumor resection.\[[@ref4][@ref5]\] We, therefore, planned a prospective study with primary aim to note various postoperative complications during intensive care unit (ICU) stay (within 48 hrs of hospital stay) in patients undergoing transsphenoidal removal of pituitary tumors.

MATERIALS AND METHODS {#sec1-2}
=====================

After receiving approval from the institutional ethics committee (T-08/31.07.2009) and written informed consent, all patients of either sex, undergoing transsphenoidal surgery through sub-labial route for pituitary tumor excision, were enrolled for period of one and a half year (August 2009 to January 2011). Surgeons with more than 6 years of experience in transsphenoidal surgery were involved in the study. Pregnant patients were excluded from this study.

All patients were premedicated with glycopyrrolate 0.2 mg intramuscularly, 30 mins before shifting to operating room. Demographic data (age, weight and gender), type of pituitary tumor, and hormone profile were noted. In the operation theatre standard monitors were attached. General anesthesia was induced with fentanyl 2 μg/kg and propofol 2 mg/kg or thiopentone 3-5 mg /kg. Trachea was intubated with rocuronium 1 mg/kg. Depending upon the preoperative status of cortisol level, patients were supplemented with 100-mg dose of hydrocortisone intravenously at the time of induction. Anesthesia was maintained with either intravenous (propofol infusion) or inhalational (sevoflurane or isoflurane) agent per the choice of anesthesiologist in-charge. All patients received 60% nitrous oxide in oxygen. Major intraoperative complications such as bradycardia, hypertension, CSF leak, etc., were noted. After extubation, patients were shifted to neurosurgical ICU. Any complication occurring during 48 hours of stay in neurosurgical ICU were recorded, which we defined as 'early postoperative complication'. Subsequently, patients were transferred to the ward and were followed until discharge from hospital. Tumors were grouped either macro-adenoma or micro-adenoma depending on diameter size on MRI imaging (macro-adenoma more than 10 mm and micro-adenoma less than 10 mm in any dimension). We categorized patients into five groups based on the histological type of tumor. These were growth hormone (GH) secreting adenoma, Cushing\'s disease, Prolactin-secreting adenoma, Non-functioning adenoma (NFPA) and pituitary apoplexy.

We looked for following postoperative complications: {#sec2-1}
----------------------------------------------------

Prolonged ventilation (more than 12 hours) --- Patients who were extubated at the conclusion of surgery but required reintubation in ICU due to any reason were included in this category.Postoperative nausea/vomiting (PONV) --- Nausea and vomiting were recorded as single complication.CSF leak --- Evident CSF leakage from nose or in the posterior pharynx as complained by patient. Whenever CSF leak was observed during surgery, sella turcica as well as sphenoid sinus were packed with fat graft taken from thigh by the surgeon.Meningitis --- Signs of fever, deterioration of consciousness, positive CSF analysis with signs of meningismusDiabetes insipidus (DI) --- Defined as urine output greater than 300 mL/hour for more than 3 hours with a urine specific gravity of less than 1.002Dyselectrolytemia --- Serum Sodium \> 150 or \< 135, Serum Potassium \> 5.5 or \< 3.5 mmol/LDeterioration/Loss of vision: This includes peripheral field cut or central diminution or complete loss of vision.New cranial nerve deficit or palsyPostoperative intracranial bleeding/hematoma at operation site grouped as single complicationHydrocephalus: This includes gross distension of ventricles evident on postoperative CTscan.

STATISTIC ANALYSIS {#sec1-3}
------------------

Statistical analysis was done using software SPSS-15. Data are expressed as either mean (standard deviation) or median (range) and number (percentage).

RESULTS {#sec1-4}
-------

A total of 152 patients underwent sub-labial transsphenoidal surgery. In three patients, tumors were diagnosed as meningioma, thus, were excluded. Therefore, 149 patients were included for the final analysis. Demographic characteristics, duration of surgery and length of hospital stay are shown in [Table 1](#T1){ref-type="table"}. Median age of patient was 38 (12-79) year. There was preponderance of males in all categories of tumors except Cushing\'s disease which had female predominance. Baseline hormone profiles are also shown in [Table 2](#T2){ref-type="table"}. In our study, the most common pituitary tumor was found to be nonfunctioning (46%) followed by GH secreting adenoma (22%). Apoplexy group was constituted by minimal number (5%) of patients \[[Table 1](#T1){ref-type="table"}\].
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Demographic profile \[Mean (SD)\], tumor characteristics, intraoperative variables and length of hospital stay in patients undergoing transsphenoidal surgery for pituitary adenoma
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Baseline hormone profile \[median (range)\] in different pituitary adenoma groups
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Eleven patients (7.4%) required postoperative ventilation due to various reasons like intraoperative bleeding (45%), residual effect of anesthetics (36%), seizure (9%) and hypothermia, temperature less than 34°C (9%) and they were extubated few hours later in neurosurgical ICU. They were not included in analysis of postoperative complications. Other intraoperative complications observed were, CSF leak, hypertension and bradycardia in 15%, 6% and 1% of patients, respectively. CSF leak was the commonest complication (40%) in all the groups while new onset of cranial nerve complication was observed in only one patient (0.7%) \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].
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Immediate postoperative (with in 48 hrs) complications in patients undergoing transsphenoidal surgery for pituitary adenoma \[number (percentage)
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Overall complications in various groups of pituitary adenoma
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Fifteen patients (10%) required tracheal reintubation and ventilatory support in postoperative period because of deterioration in neurological condition \[[Table 4](#T4){ref-type="table"}\]. An emergent computed tomography (CT) scan showed either intracranial bleed or hematoma at operative site as the cause of deterioration in these patients. Emergent exploration was conducted for these patients. Postoperative complications within 48 hours are shown in [Table 3](#T3){ref-type="table"}. The duration of hospital stay was comparable among groups \[[Table 1](#T1){ref-type="table"}\].

DISCUSSION {#sec1-5}
==========

The findings of present study conducted on patients undergoing transsphenoidal removal of pituitary adenoma revealed:

CSF leak was the commonest postoperative complication.Other common complications noted were DI, prolonged postoperative ventilation, PONV and electrolyte disturbances.The length of hospital stay was comparable for patients irrespective of nature of tumor pathology.

Common complications {#sec2-2}
--------------------

### CSF leak {#sec3-1}

It was the most common complication noted in each group in our study (40%). It was noted in all types of pituitary tumors with highest incidence in acromegalics (64%), followed by 46% in prolactinomas and 33% in NFPA. Postoperative CSF leak has some relationship with the tumor type and size. This complication has been most commonly reported with FSH adenoma and Cushing\'s disease in the retrospective study of 592 patients.\[[@ref4]\] Surgical revision, tumor consistency, and tumor margins were independently associated with intra-operative leaks, while the tumor size, consistency, and margins were risk factors of postoperative leaks.\[[@ref4]\] However, Shiney *et al*.\[[@ref5]\] in their retrospective review found no such relationship of postoperative CSF leak with tumor size. They also concluded that non-adenomatous disease and presence of an intraoperative leak were independent predictors of a postoperative leak.\[[@ref5]\]

Acromegalics had highest rate of CSF rhinorhea in our study. Most tumors in this group were found to be macro adenoma (90%) and so size-related causal relationship may be a possible explanation for more CSF leak in acromegalics patients. This possibility explains more CSF leak in other groups (prolactinomas, nonfunctioning and apoplexy) too. On the other hand most of tumors in Cushing (70%) were micro-adenoma and still it developed CSF leak in 26% of patients. Probably, high cortisol levels leads to thinning of texture of subarachnoid, thereby, increasing its vulnerability to intraoperative breach easily. Other reason may be that most of these patients were operated by neurosurgeon with lesser experience.

### Diabetes insipidus {#sec3-2}

Diabetes insipidus was found to be the next common complication (14.8%) in our series; however, it was transient in nature. If not treated DI results in life threatening fluid and electrolyte imbalance. In our study this complication was frequently observed in patients with Apoplexy (71%) followed by Cushing\'s (22%) and Prolactinoma (15%) patients, but none in acromegalics. Randeva and colleagues\[[@ref6]\] reported 16% incidence of transient diabetes insipidus in patients of pituitary apoplexy during their hospital stay. The cause of DI after transsphenoidal surgery may be due to compression or destruction of the posterior pituitary gland, interruption of the blood supply to the gland or edema to the pituitary stalk. Pituitary apoplexy is more often limited to the anterior lobe of the pituitary; however, in some instances it might involve the posterior lobe. A high incidence of DI (71%) in our series in this group of patients may be because of late presentation of these patients to our specialized center owing to lack of health awareness and absence of adequate health services in many parts of our country. It is likely that by the time these patients present to our center, some damage of posterior pituitary has already occurred. From our observation it is apparent that this complication does not bear any size causal relationship. This has been amply demonstrated by absence of this complication in acromegalics a (majority of this group presented with macro-adenoma) and 22% of incidence in Cushing\'s (majority of which had micro-adenoma). Pesky *et al*.\[[@ref7]\] reported transient and permanent DI in 9.0% and 1.4% patients, respectively. They further observed significantly higher incidence of transient DI in secretary adenoma compared to NFPA (16.6% vs. 3.4%). However, our observations suggest that occurrence of this complication is independent of tumor pathology. According to Nemergut *et al*.\[[@ref8]\] patients more likely to develop postoperative transient DI are those with secretary macro-adenoma. They also reported a temporal relationship between intraoperative leak and postoperative DI, both transient and permanent.\[[@ref8]\] We found no relationship between CSF leak, tumor size or tumor pathology. In acromegalics, in spite of macro-adenoma in majority of patients and high incidence of CSF leak, there was no incidence of DI. Similarly despite presence of macro adenoma in large population of NFPA group incidence of DI was only 13%. A possible reason may be that probably it is easy to resect macro-adenomas thereby, sparing trauma to posterior pituitary in most patients.

### Prolonged ventilation {#sec3-3}

Tracheal reintubation and prolonged ventilation in patients result in pulmonary complications. Major indication of reintubation in neurosurgical patients is neurological deterioration due to any reason. No study has highlighted this aspect of transsphenoidal surgery. Intracranial bleed or hematoma at operative site was the reason of neurological worsening in our series which warranted mechanical ventilatory support. Its rate was highest in ACTH secreting (30%), GH secreting (21%) and NFPA tumors (9%).

### Postoperative nausea and vomiting {#sec3-4}

PONV is not a life-threatening complication but results in considerable distress to the patients. Its incidence postcraniotomy may be as high as 50%.\[[@ref9][@ref10][@ref11]\] However, incidence of PONV following transsphenoidal surgery is quite low. Flynn and colleagues\[[@ref11]\] reported 7.5% incidence of PONV in SLTS with 10% incidence in acromegalics. In our study too, its overall rate was 6.7% with 12% in acromegalics while in other groups of patients it ranged from 0 to 8%. Lower incidence of PONV in them compared to craniotomy, could be due to lesser invasive nature of the procedure resulting minimal disturbance of the CTZ. Furthermore, the smaller incision and lesser disruption of surrounding structures may lead to lesser inflammation and pain with consequent lesser PONV. Flynn *et al*.\[[@ref11]\] further linked PONV with some risk factors like intraoperative CSF leak, fat grafting and lumbar drain placement. Manipulation of CSF pressure may be directly responsible for the higher incidence of postoperative emesis.\[[@ref12]\] In our study also, PONV incidence was more in presence of CSF leak, in acromegalics, prolactinomas, and non-functioning tumor groups but it was less in Cushing and apoplexy patients. We believe that perhaps the size of the tumor predisposes to PONV. Majority of patients with acromegaly, prolactinoma and nonfunctioning group had large tumor size (macro-adenoma) which probably required greater manipulation, thereby resulting in higher PONV. On the other hand, most of the Cushing\'s presented with micro-adenomas which could be resected without much disruption of surrounding structures. However, in apoplexy group though all the patients had macro-adenoma and high incidence (29%) of CSF leak, there was no PONV. We do not have any plausible explanation, however, because of emergent presentation, these patients were aggressively managed with steroids (Dexamethasone) resulting in some protection from PONV.

### Electrolyte disturbances {#sec3-5}

Electrolyte disturbances are mainly seen in the form of serum sodium imbalances. Hypernatremia is a manifestation of DI and hyponatremia is because of syndrome of inappropriate anti diuretic hormone secretion (SIADH), hypocortisolism and rarely because of cerebral salt wasting syndrome.\[[@ref13]\] While hypernatremia manifests (due to DI) during early postoperative period, hyponatremia usually presents after few days in the postoperative period.\[[@ref14]\] Hypokalemia too can occur but its incidence is very low. An unrecognized or improperly treated Na^+^ imbalance may result in catastrophe. Kristof *et al*.\[[@ref15]\] showed that water and electrolyte (Na^+^) disturbances occurred in 75% of their patients following transsphenoidal surgery. Sane and colleagues\[[@ref14]\] reported 35% incidence of hyponatremia subsequent to transsphenoidal surgery. Compared to these studies, we noticed 6% of hypernatremia which was due to transient DI. Incidence of hyponatremia (14%) was also very low in our series. With acute fall in serum sodium, neurologic symptoms resulting from cerebral edema can be seen at serum sodium level below120 meq/l. There exists a distinct possibility that asymptomatic mild hyponatremia (between 135 meq/l and 120 meq/l) which developed slowly, due to SIADH, escaped our attention. Hypernatremia (Serum sodium more than 150 meq/L) in our study was seen in all groups except prolactinomas. The latter group of patients despite having macro-adenoma in large majority did not develop high Na^+^ at all. We cannot find proper explanation for this. Since a rising serum Na^+^ following pituitary tumor resection is a manifestation of DI, probably DI in this group of patients was managed early with pharmacological agents, thereby, restoring and maintaining normal Na^+^ levels. Other reason for absence of hypernatremia in this group of patients may have resulted form surgical management of this group of patients by more experienced neurosurgeon.

RARE COMPLICATIONS {#sec1-6}
==================

Some groups showed rare but serious complications like new cranial nerve deficit, intraventricular hematoma, visual deterioration and hydrocephalus. Postoperative hematoma was frequently encountered in patients with pituitary apoplexy (14%) and this group also showed higher number of patients with postoperative visual deterioration (14%).

 {#sec2-3}

### Postoperative hematoma at operation site {#sec3-6}

Hematoma formation at the operation site following any intracranial procedure is the most devastating complication which usually develops within 24 hours and results in serious morbidity or even death, if not managed urgently. Its principal cause is inadequate hemostasis achieved during surgery. Its incidence following craniotomy has been reported to be 2.2%.\[[@ref16]\] In the present study 15 patients (10%) developed this complication. Hematoma formation was almost equally distributed among all except prolactinoma group in which no patient developed this complication. Our observation suggests that this complication is unrelated to the size tumor or duration of the surgery. Similarly secretary or non-secretary nature of the tumor has no bearing on its occurrence. We could not figure out reasons for lack of this complication in prolactinoma patients. Could it be that high prolactin level provides some protection against hematoma formation by influencing the coagulation system or this simply reflects that probably these patients were operated on by more experienced neurosurgeon? This requires further exploration.

### Vision loss {#sec3-7}

Owing to close proximity of optic chiasm to pituitary there is potentially a high risk of damaging it with resultant loss of vision. Other reasons for vision loss are: Postoperative hematoma or devascularization of optic apparatus, fracture of orbit, cerebral vasospasm and prolapsed of optic chiasm into empty sella.\[[@ref17]\] Following pituitary adenoma resection its incidence varies 0.5% to 2.4%.\[[@ref18]\] In our series this complication was seen in 5 (3.3%) patients and most common cause was development of hematoma requiring emergency exploration to restore vision. The highest incidence seen in apoplexy may be because these patients presented with vision deterioration in the emergency. Absence of this complication in prolactinoma patients again highlight the fact tumor size does not determine this complication and probably patients in this group were operated by more experienced neurosurgeon.

### Hydrocephalus {#sec3-8}

Hydrocephalus in pituitary adenoma occurs as a result of obstruction of third ventricle by suprasellar extension of the tumor. It may develop following pituitary tumor resection because of intraventricular bleeding and later due to meningitis. We observed this complication in 2.3% of our patients. This complication was restricted to Cushing\'s groups only. We have no explanation for this. Absence of this complication in other group of patients emphasizes the fact that neither size nor duration of surgery is responsible for its occurrence.

LIMITATIONS {#sec1-7}
===========

The surgery performed in our patients involved neurosurgeons with variable experience; however all surgeons have more than 6 years of experience. But we have here different learning curves included into this study. This may attribute the incidence of various complications in various groups. The multivariate analysis could not be performed due to small sample size in each group. Long-term follow-ups and outcome of these patients were not carried out.\[[@ref19][@ref20]\]

CONCLUSION {#sec1-8}
==========

Transsphenoidal surgery is considered a safe procedure but it does carry the risks of various postoperative complications. In our series, various groups showed different postoperative complications in which CSF leak was the commonest followed by DI, PONV and hematoma at operation site. Tumor size or pathology may be the contributory factor for these findings.

FOOT NOTE {#sec1-9}
=========
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